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Abstract

Background: Correlations between aging, cognitive impairment and poor quality of life (QOL)
have been observed for many patient populations.

Objective: The purpose of this study was to examine these correlations in individuals with and
without spinal cord injury (SCI).

Methods: 23 individuals with complete SCI and 20 individuals without SCI (“NON”) underwent
assessment of cognitive function via the NIH Toolbox for Neurological and Behavioral Function.
Participants self-rated QOL via global and symptom/domain-specific measures.

Results: SCI rated global QOL to be lower than NON for the EQ-5D QALY (p < .001), but

not the EQ-5D VAS, which imposes no penalty for wheeled mobility. Low QOL clustered mainly
in domains pertaining to physical function/symptoms. Participants with SCI reported high QOL
for positive affect/well-being and resilience. Cognitive function in SCI did not differ from NON.
However, strong correlations between age and cognition observed in NON (all R? > 0.532) were
absent in SCI. Significant correlations between cognition and QOL were prevalent for NON but
not for SCI.

Conclusions: Dissociation of age, cognition and QOL occurred with SCI. Divergence between
EQ-5D QALY and VAS suggests that individuals with SCI may recalibrate personal assessments
of QOL in ways that minimize the importance of mobility impairment.

Keywords
Cognition; executive function; memory; resilience; participation

Introduction

Despite decades of advancements in medical management and rehabilitation, people living
with spinal cord injury (SCI) often report poorer quality of life (QOL) than the general
population (Migliorini, New, and Tonge, 2011). Much effort has been directed at uncovering
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the factors that undermine health and well-being for these individuals. Secondary health
conditions of SCI exert a strong negative effect on QOL (Lidal, Veenstra, Hjeltnes, and
Biering-Sorensen, 2008), potentially eclipsing factors such as the absolute level of physical
functional impairment (Krahn, Suzuki, and Horner-Johnson, 2009) or the influence of aging
(Barker et al., 2008; Lidal, Veenstra, Hjeltnes, and Biering-Sorensen, 2008). Psychosocial
factors such as depression and anxiety correlate negatively with QOL, while other traits
such as resilience and self-efficacy exert a positive effect (Guest et al., 2015). Adding
complexity to this interplay of physical and emotional factors, personal definitions of QOL
and life priorities may shift after SCI (Simpson, Eng, Hsieh, and Wolfe, 2012). Individuals
may substantially recalibrate their expectations and personal assessments in the first years
post-injury (Schwartz et al., 2018). In this changing milieu, numerous knowledge gaps
exist for how medical, psychological, and rehabilitation interventions can offer the best
assistance. Therapeutic targets for enhancing QOL after SCI are needed by all elements of
the post-SCI care team.

In several patient populations, cognitive impairment has been identified as a potential point
of intervention for protecting and improving QOL. Links between cognitive impairment and
negative QOL have been reported for: hospitalized elderly individuals (Saracli et al., 2015);
patients with stroke (Cumming, Brodtmann, Darby, and Bernhardt, 2014); mild/subjective
cognitive decline (Hill et al., 2017); cardiac arrest (Orbo et al., 2015); and multiple sclerosis
(Grasso et al., 2017). Cognitive impairment appears to be common after SCI, occurring

in ~29% of individuals with SCI in a recent study (Craig, Guest, Tran, and Middleton,
2017). Impairments in cognitive processes such as motor sequence learning (Bloch, Tamir,
Vakil, and Zeilig, 2016) may be especially problematic if they interfere with post-SCI
rehabilitation activities, which are severely time-restricted in many medical systems (Qu,
Shewchuk, Chen, and Deutsch, 2011; Shields, 2017).

Whether cognitive impairment is a correlating factor for QOL in patients with SCI has

not been previously determined. Recent studies have shown robust links between cognitive
capacity and psychological disorders in SCI, suggesting that people with low cognitive
function may be at an elevated risk for mood disorders or substance abuse (Craig, Guest,
Tran, and Middleton, 2017). It seems plausible that such individuals may also rate their
QOL to be lower than individuals who have higher cognitive function. The potential
mediating effect of aging on cognitive function after SCI is also uncertain, with some
recent evidence emerging for exacerbation of cognitive decline with chronic SCI (Molina
et al., 2018). The purpose of this preliminary investigation was to determine whether
relationships exist between cognition, QOL, and age in individuals with SCI. To explore
whether such relationships may be typical of the general population, or whether they may
instead reflect adaptations to life with SCI, the study also examined correlations between
QOL and cognition in a non-SCI cohort. We hypothesized that individuals with SCI would
experience lower QOL in domains previously shown to be at risk after SCI: depression,
anxiety, and resilience (Craig, Guest, Tran, and Middleton, 2017; Guest et al., 2015). As is
typical for the non-SCI population (Casaletto et al., 2015), we expected that aging would be
negatively associated with cognitive function in participants with SCI. We also hypothesized
that, as has been observed in other patient populations, correlations would exist between
cognition and QOL in individuals with SCI. If such links exist, cognitive function may
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constitute a viable therapeutic target for protecting at-risk QOL domains in people living
with SCI.

Methods

Participants

Twenty-three individuals with motor/sensory complete SCI (AIS-A) (Kirshblum et al.,
2011) and 20 individuals without SCI participated in the study (Table 1). All participants
were recruited from the healthy general population of the local community via brochures,
e-mail advertisements, and referral from clinical colleagues. SCI duration ranged from 8
months to 30 years (mean = 11.8 years). This time frame excludes the expected phase

of immediate post-SCI rapid QOL change (Mortenson, Noreau, and Miller, 2010). All
participants signed an informed consent document approved by the University of lowa
Human Subjects Institutional Review Board. The trial was registered at Clinical Trials
Registration: NCT02622295.

Participants with any previous diagnosis of cognitive decline (e.g. dementia), traumatic brain
injury, or a neurodegenerative condition (e.g. multiple sclerosis) were excluded. Participants
with and without SCI did not differ according to age (v = .44). Other potential confounding
factors such as sleep apnea, psychotropic medications, and social/environmental context
were not examined (Sachdeva, Gao, Chan, and Krassioukov, 2018).

QOL metrics

Participants completed four QOL metrics (Table 2) via REDCap, a secure online survey
administration platform (Obeid et al., 2013), using a laboratory computer in a private
location. They were free to skip any question and to use their best judgment to answer
ambiguous questions. The EQ-5D-5L (Herdman et al., 2011) consisted of 5 questions that
yield a quality adjusted life-year (QALY) score representing subjective preference for health
states between 0 (dead) to 1 (perfect health) (Szende, Oppe, and Devlin, 2007). Participants
also rated their general health on a 100-point visual analog scale (VAS). Unlike the

QALY score, the EQ-5D VAS score imposed no “ambulation penalty” by defining mobility
specifically as “walking”. The Patient-Reported Outcome Measurement Information System
(PROMIS) Global Health scale (Amtmann, Cook, Johnson, and Cella, 2011) included a
10-item short form that incorporated Global Physical and Mental Health sub-scales. The
SCI-QOL metric included six fixed-length short-forms (each 8-13 questions) (Tulsky et

al., 2015) that were germane to a study of relationships between QOL and cognition:

1) Pain Interference; 2) Positive Affect and Well-Being; 3) Anxiety; 4) Depression; 5)
Resilience; and 6) Ability to Participate in Social Roles and Activities. The Spinal Cord
Injury Secondary Conditions Scale - Modified (SCS-M) evaluated the presence and severity
of 22 common secondary health conditions (SHC’s) of SCI (Lidal, Veenstra, Hjeltnes, and
Biering-Sorensen, 2008; Westgren and Levi, 1998) on a scale from 0 (not experienced) to

3 (significant or chronic problem) (Craven, Hitzig, and Mittmann, 2012). The number of
SHC’s present and the summed severity ratings of all SHCs were tabulated (Sum Score).
Formal statistical comparison of post-SCI QOL to general population normative values was
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not undertaken for this study. Instead, general population normative values will be presented
to help the reader contextualize the scores of the study cohorts.

Cognitive testing

The National Institutes of Health Toolbox for Neurological and Behavioral Function -
Cognition Battery (NIH Toolbox) (Dikmen et al., 2014; Tulsky et al., 2014; Weintraub et al.,
2013; Zelazo et al., 2014) is a computerized testing platform for measurement of cognitive
function (Table 2). The Dimensional Change Card Sort (DCCS) test provides an estimate

of set shifting by having participants match a series of bivalent test pictures according to
changing salient dimensions (Zelazo et al., 2014). In the Flanker Inhibitory Control and
Attention test, participants identify the left-right orientation of a central arrow among other
arrows pointing in the same (congruent) or different (incongruent) direction (Zelazo et al.,
2014). For these tests, the participant’s score reflects both test accuracy and speed.

The List Sorting Working Memory test evaluates the storage and manipulation of
information by requiring subjects to sort and repeat a presented list of items (Baddeley,
1992). The Picture Sequence Memory test evaluates episodic memory by requiring the
participant to recall sequences of 6-18 illustrated items (Tulving, 2002). For both of these
tests, scores reflect test accuracy with no speed component.

Participants completed NIH Toolbox tests via an iPad app (software version 1.17.1650)
that required them to reach forward from a standardized start position to press a keyboard
button. Respondents with trunk or arm motor impairment may respond more slowly and
therefore achieve a lower score for timed tests (i.e. DCCS and Flanker) or fail to complete
timed tests altogether (Cohen et al., 2017). The NIH Toolbox “Reasonable Accommodation
Guidelines” offers no alternate test procedure (National Institutes of Health, 2012). To
reduce the confounding influence of task motor demands, all participants, including those
without SCI, completed the Flanker and DCCS tests with the assistance of a proctor (Lee,
Dudley-Javoroski, and Shields, 2019). The addition of the proctor’s reaction time increased
the time-based vector of participants’ scores, negatively biasing the scores. While this
mitigated the confounding motor demand, it also prevents statistical comparison of DCCS
and Flanker scores with standardized national averages. All cognitive scores were tabulated
by the iPad software as Unadjusted and demographically-adjusted (“Fully-Adjusted”) scale
SCOres.

Statistical analysis

QOL differences between participants with SCI (“SCI””) and without SCI (“NON”) were
examined via Student’s t-tests with Bonferroni adjustment for multiple comparisons (12
QOL scales: p=.00416). Differences in cognition were examined in the same fashion
(4 Toolbox metrics x 2 scale scores each: Bonferroni-adjusted p = .00625). Because of
the potential influence of SCI severity on QOL and cognition, a separate set of t-tests to
compare participants with quadriplegia (n = 11) to those with paraplegia (n = 12) was
conducted (Bonferroni-adjusted o =.00416 for QOL, 0.00625 for cognition).

The large number of studied outcome variables, relative to the study sample size, prevented
us from using a multivariate regression approach to examine relationships between age, age
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Results

at injury, QOL and cognition variables. Pearson’s r for each set of variables were instead
calculated, with significant associations meeting o < .05. SCI duration was not included as a
regression variable due to its extensive co-variation with chronological age.

Substantial overlap exists between QOL domains (e.g. mental health and subjective well-
being) and most QOL survey metrics cover more than one domain. To examine collinearity
among QOL metrics, a correlation matrix was created for all variables, calculating Pearson’s
r for each pair. Significant correlations met p < .05.

By-group comparisons

SCI participants scored significantly lower than NON for the EQ-5D QALY (p < .001) but
not the VAS (p = .307) (Table 3). SCI group QALY scores were > 3 standard error (SE)
lower than U.S. normative values, while their VVAS ratings were within 1 SE. The SCI group
rated their global physical health (PROMIS Physical subscale) lower than NON (p < .001)
but no differences existed for global mental health (PROMIS Mental subscale). SCI physical
health ratings were > 1 SD lower than the U.S. norm (50, SD = 10) but mental health ratings
were within 1 SD.

The SCI group reported significantly more SHCs and significantly higher SHC severity

than NON (both p < .001) (Table 3). On average, participants with SCI reported 8.48

SHCs, with many incidence rates > 50%: involuntary spasms (93.3%); musculoskeletal pain
(80.0%); chronic pain (63.3%); sexual dysfunction (63.3%); bladder dysfunction (60.0%);
joint contractures (60%); circulatory problems (56.7%); urinary tract infections (56.7%); and
bowel dysfunction (53.3%). For the NON group, the only SHC exceeding 25% incidence
was musculoskeletal pain (42.9%).

In the SCI-QOL assessment, the SCI group rated their QOL to be poorer than NON for the
sub-domains Pain Interference and Ability to Participate in Social Roles & Activities (p=
.0032, p=<0.001) (Table 3). Interestingly, participants with SCI reported high QOL for
Positive Affect and Well-Being (PAWB) and Resilience. Mean PAWB score approached 1
SD above the U.S. mean (50, SD = 10). Participants with SCI rated their Resilience to be
nearly 10 scale score points higher than NON, though statistical significance did not emerge
because of the strict Bonferroni adjustment applied to this test.

For participants with quadriplegia (QUAD) versus paraplegia (PARA), significant
differences existed for EQ-5D QALY (p<.001), but not VAS (Table 3). Significant
differences between QUAD and PARA also existed for PROMIS physical health (p=.0041).
Ratings for QUAD were > 1.4 SD below the U.S. population norm, while ratings for PARA
were within 1 SD.

Cogpnitive scores for SCI and NON differed significantly only for the Picture Sequence
Fully-Adjusted scale (p=.0027) (Table 4). Participants with SCI scored within 0.1 SD of the
U.S. normative value (mean = 50, SD = 10), while NON exceeded the U.S. norm by > 1 SD.
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No significant differences in cognitive scores existed between the SCI QUAD and PARA
subgroups (Table 4).

Correlations between cognition and QOL

Table 5 depicts Pearson correlation coefficients for cognition versus Age and QOL. For
NON, all Unadjusted cognitive scores correlated significantly with Age (all p<.001). R-
squared values ranged between 0.532 and 0.939. Significant correlations between cognition
and QOL occurred most frequently for the scales of global QOL (EQ-5D and PROMIS),
and for the SCS-M. The EQ-5D VAS correlated significantly with 6 of 8 cognitive scales,
with R2 ranging from 0.234-0.378. PROMIS physical health correlated significantly with 7
of 8 cognitive scales (R2 from 0.208-0.584). In contrast, PROMIS mental health correlated
with no cognitive measures. Significant correlations between the SCS-M and cognitive
metrics were widespread, appearing for all cognitive scales except List Sorting-Fully
Adjusted. Among SCI-QOL metrics, only the Depression subscale correlated consistently
with cognition (6 of 8 scales, R2 from 0.200-0.349).

In contrast, significant correlations between QOL and cognition were infrequent for
participants with SCI. Likewise, the strong association between cognitive metrics and age
seen in the NON cohort was absent in the SCI group. For the EQ-5D VAS, the strength of
the associations were weaker in the SCI group than in the NON group (all SCI R2 < 0.206;
all below the lowest range of NON R? values). Major groups of correlations observed in
NON (i.e. cognition versus PROMIS physical subscale, SCS-M, and SCI-QOL Depression)
were absent in SCI.

In summary, for participants with SCI, an uncoupling appeared to occur between cognition
and age, and between cognition and QOL. Table 5 also shows that a partial uncoupling
occurred between age and QOL in the SCI group (i.e. age correlated significantly with 5 of
12 QOL metrics for NON, compared to 3 of 12 for SCI). The only correlation observed in
both cohorts was between EQ-5D VAS and age; the strength of this correlation was stronger
for NON (R? = 0.319) than for SCI (R2=0.177).

Table 6 contains estimates of co-variation (Pearson R?) for all QOL variables. In general, for
participants with SCI, the six SCI-QOL scales correlated significantly among themselves,
with the SCS-M measures of secondary health conditions, and with all general QOL
measures except the EQ-5D VAS. In particular, the SCI-QOL Anxiety, Depression, and
Resilience scales all correlated significantly with all other QOL measures except EQ-5D
VAS. The only other measure to show this prevalence of co-variation was the PROMIS
Mental Health subscale, which correlated significantly with all metrics except Pain
Interference.

In contrast, the prevalence of co-variation among QOL metrics was much lower for the
NON participants. In particular, the PROMIS Mental Health sub-scale correlated with no
other measure of QOL. The strong correlations observed for SCI-QOL metrics in the SCI
cohort were absent, with the partial exception of the Depression scale, which correlated
significantly with 6 other metrics.
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Discussion

Participants with SCI reported U.S. population-normal levels of Anxiety and Depression
and they demonstrated a strong trend toward enhanced Resilience. Low self-reported
QOL clustered mainly in domains pertaining to physical function and medical symptoms,
as has been consistently observed in other studies (Adriaansen et al., 2016; Noonan,
Kopec, Zhang, and Dvorak, 2008; Salem et al., 2014). Correlations between QOL and
cognition, which were widespread in non-SCI subjects, were not prevalent in individuals
with SCI. A similar dissociation of QOL and cognition has been reported for patients
with multiple sclerosis (Baumstarck-Barrau et al., 2011), suggesting that for patients with
neurologic impairment, the usual relationships between QOL and cognition may dissociate
as other factors gain prominence. This may illustrate the phenomenon of response shift,

in which people who face a health state change recalibrate internal standards, reprioritize
values, and re-conceptualize the meaning of QOL (Schwartz et al., 2018). Schwartz et

al. (2018) recently verified the presence of QOL response shift effects over the first 5
years of SCI in participants who displayed stable cognitive function. These individuals
appeared to change their expectations and appraisals of QOL during this time, eventually
minimizing links between SCI symptoms and physical and mental functioning. A similar
pattern was evident in the present study whereas strong correlations existed between
cognition and symptoms (SCS-M) in the NON group, participants with SCI demonstrated
no such correlations, despite reporting high rates of symptoms. Response shift effects that
diminished the conceptual “weighting” of SCI symptoms may have triggered the dissolution
of relationships between cognitive function and this domain of QOL.

Response shift effects may underlie another key difference observed between participants
with and without SCI in the present study. Participants with SCI scored significantly lower
than NON on the EQ-5D QALY scale. As noted by others (Whitehurst et al., 2016), the
wording of the EQ-5D mobility response item imposes a penalty on respondents who do
not walk, regardless of their level of adapted mobility. The wording of the EQ-5D VAS
imposes no such penalty. Using EQ-5D VAS, participants with SCI rated their global QOL
to be no different from participants without SCI or the U.S. normative value. In other
words, participants with SCI did not appear to incorporate mobility impairment into their
self-assessment of global QOL. This type of mobility recalibration has been noted for a
number of preference-based QOL metrics (Dudley-Javoroski and Shields, 2006; Krahn,
Suzuki, and Horner-Johnson, 2009). It appears, as stated by Schwartz et al. (2018) that
“although individuals with SCI may perceive declines in their physical abilities, they may
not perceive these declines as limiting to their daily functioning”.

No previous study has determined whether the usual correlations between age and cognition
persist after SCI, or whether they may be eclipsed by other factors. In the present cohort

of participants with SCI, no cognitive measure correlated significantly with age; this is in
contrast to the strong correlations between age and every cognitive measure in the NON
group. In populations without neurologic disease, executive function, working memory, and
episodic memory peak between age 20 and 29 and then decline over the remainder of

the lifespan (Casaletto et al., 2015). While this relationship might be presumed to persist
after SCI, it is important to remember that a number of individual injury-related factors
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may strongly influence cognitive performance after SCI. Undiagnosed traumatic brain
injury, autonomic dysfunction, and systemic neuro-inflammation are all potential sources

of significant inter-individual variation in this population. We believe it is possible that these
individual injury-related factors may exert a sufficiently powerful effect on cognition to
eclipse the effect of age as a predictor of cognitive function after SCI. As such, rehabilitation
specialists should be particularly alert for cognitive impairment caused by injury-specific
factors.

A second consideration for rehabilitation specialists is that because individuals with

SCI experience QOL response shift, gradually minimizing the importance of mobility
impairments, QOL instruments developed for the general population may poorly capture the
experience of people living with SCI. This problem is prevalent among QOL instruments,
including some that are in widespread clinical use (Krahn, Suzuki, and Horner-Johnson,
2009). When designing survey batteries to measure QOL after SCI, rehabilitation specialists
should be certain to include instruments that have been designed for and validated in
populations with SCI. Finally, the results of the present study revealed that respondents
with SCI reported QOL limitations mainly in diagnosis-specific domains: physical function,
pain, and ability to participate. These are precisely the domains that physical rehabilitation
interventions may have greatest specificity to address. Physical rehabilitation may therefore
play an important role in protecting and restoring QOL after SCI.

Study limitations

The findings of this preliminary study provide a foundation for future studies with

larger, more demographically representative samples. Results of the present study must be
interpreted in light of the potential for bias due to the small sample size. In a validation
study of the NIH Toolbox battery in respondents with neurologic disorders (Carlozzi et
al., 2017), impairment rates were 13.9% and 22.2% for List Sorting and Picture Sequence,
compared to 9.1% and 13.6% in the present study. Thus it appears that the present SCI
cohort may have had relatively higher cognitive function than the sample included in the
validation study. It should also be noted that the present cohort of individuals with SCI did
not appear to have significant problems with depression or anxiety, two prevalent SHCs
of SCI (Craven, Hitzig, and Mittmann, 2012). Conversely, these participants provided high
self-ratings of Resilience and Positive Affect and Well-Being. Resilience, in particular,
deviated strongly from the NON group and only missed achieving statistical significance
because of the strict Bonferroni adjustment required by multiple statistical comparisons.
Resilience has been identified as a key psychological trait that may determine adjustment,
recovery, and well-being after SCI (Craig et al., 2015; Guest et al., 2015). Thus the relatively
high self-rated emotional health of the present SCI cohort may not be representative of the
SCI population in general. Future studies should explore possible links between cognition
and QOL in people with SCI and greater psychological co-morbidity. We anticipate that
robust links between cognition and QOL may exist for people with greater QOL pressures
(e.g. SHCs, and social/emotional factors) or who experience cognitive impairment due to
biological causes such as undiagnosed TBI, in particular.
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Conclusions

Strong correlations between cognitive function, QOL, and age did not emerge in participants
with SCI. Consistent with other reports, individuals living with SCI appear to recalibrate
their personal expectations and assessments of QOL in ways that minimize the importance
of mobility impairment. The apparent uncoupling of age and cognitive function after SCI
suggests that individual injury-specific factors, many of which stem from treatable biological
causes, may become key determiners of cognitive function after SCI.

Acknowledgments

This work was supported by the National Center for Medical Rehabilitation Research under grant numbers R01
HDO084645 and R01 HD082109. REDCap access provided by the University of lowa Institute for Clinical and
Translational Science (NIH UL1TR002537).

References

Adriaansen JJ, Ruijs LE, van Koppenhagen CF, van Asbeck FW, Snoek GJ, van Kuppevelt D, Visser-
Meily JM, Post MW 2016 Secondary health conditions and quality of life in persons living with
spinal cord injury for at least ten years. Journal of Rehabilitation Medicine 48: 853-860. [PubMed:
27834436]
Amtmann D, Cook KF, Johnson KL, Cella D 2011 The PROMIS initiative: Involvement of
rehabilitation stake-holders in development and examples of applications in rehabilitation research.
Archives of Physical Medicine and Rehabilitation 92: S12-19. [PubMed: 21958918]
Baddeley A 1992 Working memory. Science 255: 556-559. [PubMed: 1736359]
Barker RN, Kendall MD, Amsters DI, Pershouse KJ, Haines TP, Kuipers P 2008 The relationship
between quality of life and disability across the lifespan for people with spinal cord injury. Spinal
Cord 47: 149-155. [PubMed: 18594553]
Baumstarck-Barrau K, Simeoni MC, Reuter F, Klemina I, Aghababian V, Pelletier J, Auquier P 2011
Cognitive function and quality of life in multiple sclerosis patients: A cross-sectional study. BMC
Neurology 11: 17. [PubMed: 21288343]
Bloch A, Tamir D, Vakil E, Zeilig G 2016 Specific deficit in implicit motor sequence learning
following spinal cord injury. PloS One 11: e0158396. [PubMed: 27355834]
Carlozzi NE, Goodnight S, Casaletto KB, Goldsmith A, Heaton RK, Wong AW, Baum CM, Gershon
R, Heinemann AW, Tulsky DS 2017 Validation of the NIH Toolbox in individuals with neurologic
disorders. Archives of Clinical Neuropsychology 32: 555-573. [PubMed: 28334392]
Casaletto KB, Umlauf A, Beaumont J, Gershon R, Slotkin J, Akshoomoff N, Heaton RK 2015
Demographically corrected normative standards for the English version of the NIH Toolbox
Cognition Battery. Journal of the International Neuropsychological Society 21: 378-391. [PubMed:
26030001]
Cohen ML, Tulsky DS, Holdnack JA, Carlozzi NE, Wong A, Magasi S, Heaton RK, Heinemann
AW 2017 Cognition among community-dwelling individuals with spinal cord injury. Rehabilitation
Psychology 62: 425-434. [PubMed: 29265863]
Craig A, Guest R, Tran Y, Middleton J 2017 Cognitive impairment and mood states after spinal cord
injury. Journal of Neurotrauma 34: 1156-1163. [PubMed: 27717295]

Craig A, Nicholson Perry K, Guest R, Tran Y, Dezarnaulds A, Hales A, Ephraums C, Middleton
J 2015 Prospective study of the occurrence of psychological disorders and comorbidities after
spinal cord injury. Archives of Physical Medicine and Rehabilitation 96: 1426-1434. [PubMed:
25778773]

Craven C, Hitzig SL, Mittmann N 2012 Impact of impairment and secondary health conditions
on health preference among Canadians with chronic spinal cord injury. Journal of Spinal Cord
Medicine 35; 361-370.

Physiother Theory Pract. Author manuscript; available in PMC 2023 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dudley-Javoroski et al. Page 10

Cumming TB, Brodtmann A, Darby D, Bernhardt J 2014 The importance of cognition to quality of life
after stroke. Journal of Psychosomatic Research 77: 374-379. [PubMed: 25217449]

Dikmen SS, Bauer PJ, Weintraub S, Mungas D, Slotkin J, Beaumont JL, Gershon R, Temkin NR,
Heaton RK 2014 Measuring episodic memory across the lifespan: NIH Toolbox picture sequence
memory test. Journal of the International Neuropsychological Society 20: 611-619. [PubMed:
24960230]

Dudley-Javoroski S, Shields RK 2006 Assessment of physical function and secondary complications
after complete spinal cord injury. Disability and Rehabilitation 28: 103-110. [PubMed: 16393840]

Grasso MG, Broccoli M, Casillo P, Catani S, Pace L, Pompa A, Rizzi F, Troisi E 2017 Evaluation
of the impact of cognitive training on quality of life in patients with multiple sclerosis. European
Neurology 78: 111-117. [PubMed: 28738376]

Guest R, Craig A, Nicholson Perry K, Tran Y, Ephraums C, Hales A, Dezarnaulds A, Crino
R, Middleton J 2015 Resilience following spinal cord injury: A prospective controlled study
investigating the influence of the provision of group cognitive behavior therapy during inpatient
rehabilitation. Rehabilitation Psychology 60: 311-321. [PubMed: 26348699]

Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, Bonsel G, Badia X 2011 Development
and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L). Quality of Life
Research 20: 1727-1736. [PubMed: 21479777]

Hill NL, McDermott C, Mogle J, Munoz E, DePasquale N, Wion R, Whitaker E 2017 Subjective
cognitive impairment and quality of life: A systematic review. International Psychogeriatrics 29:
1965-1977. [PubMed: 28829003]

Kirshblum SC, Burns SP, Biering-Sorensen F, Donovan W, Graves DE, Jha A, Johansen M, Jones L,
Krassioukov A, Mulcahey MJ, et al. 2011 International standards for neurological classification of
spinal cord injury (revised 2011). Journal of Spinal Cord Medicine 34: 535-546.

Krahn GL, Suzuki R, Horner-Johnson W 2009 Self-rated health in persons with spinal cord injury:
Relationship of secondary conditions, function and health status. Quality of Life Research 18:
575-584. [PubMed: 19381872]

Lee J, Dudley-Javoroski S, Shields RK 2019 Motor demands of cognitive testing may artificially
reduce executive function scores in individuals with spinal cord injury. Journal of Spinal Cord
Medicine: 1-9. [Epub ahead of print]. doi:10.1080/10790268.2019.1597482.

Lidal 1B, Veenstra M, Hjeltnes N, Biering-Sorensen F 2008 Health-related quality of life in persons
with long-standing spinal cord injury. Spinal Cord 46: 710-715. [PubMed: 18332888]

Migliorini CE, New PW, Tonge BJ 2011 Quality of life in adults with spinal cord injury living in the
community. Spinal Cord 49: 365-370. [PubMed: 20697422]

Molina B, Segura A, Serrano JP, Alonso FJ, Molina L, Perez-Borrego YA, Ugarte Ml, Oliviero
A 2018 Cognitive performance of people with traumatic spinal cord injury: A cross-sectional
study comparing people with subacute and chronic injuries. Spinal Cord 56: 796-805. [PubMed:
29472608]

Mortenson WB, Noreau L, Miller WC 2010 The relationship between and predictors of quality of
life after spinal cord injury at 3 and 15 months after discharge. Spinal Cord 48: 73-79. [PubMed:
19636329]

National Institutes of Health and Northwestern University 2012 NIH Toolbox
reasonable accommaodation guidelines. http://www.healthmeasures.net/attachments/article/7/
NIH%20Toolbox%20Reasonable%20Accommodations%20Guidelines.pdf.

Noonan VK, Kopec JA, Zhang H, Dvorak MF 2008 Impact of associated conditions resulting
from spinal cord injury on health status and quality of life in people with traumatic central
cord syndrome. Archives of Physical Medicine and Rehabilitation 89: 1074-1082. [PubMed:
18503802]

Obeid JS, McGraw CA, Minor BL, Conde JG, Pawluk R, Lin M, Wang J, Banks SR, Hemphill SA,
Taylor R, et al. 2013 Procurement of shared data instruments for research electronic data capture
(REDCap). Journal of Biomedical Informatics 46: 259-265. [PubMed: 23149159]

Orbo M, Aslaksen PM, Larsby K, Schafer C, Tande PM, Vangberg TR, Anke A 2015 Relevance of
cognition to health-related quality of life in good-outcome survivors of out-of-hospital cardiac
arrest. Journal of Rehabilitation Medicine 47: 860-866. [PubMed: 26181779]

Physiother Theory Pract. Author manuscript; available in PMC 2023 January 01.


http://www.healthmeasures.net/attachments/article/7/NIH%20Toolbox%20Reasonable%20Accommodations%20Guidelines.pdf
http://www.healthmeasures.net/attachments/article/7/NIH%20Toolbox%20Reasonable%20Accommodations%20Guidelines.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dudley-Javoroski et al. Page 11

Qu H, Shewchuk RM, Chen Y, Deutsch A 2011 Impact of Medicare prospective payment system on
acute rehabilitation outcomes of patients with spinal cord injury. Archives of Physical Medicine
and Rehabilitation 92: 346-351. [PubMed: 21353819]

Sachdeva R, Gao F, Chan CCH, Krassioukov AV 2018 Cognitive function after spinal cord injury: A
systematic review. Neurology 91: 611-621. [PubMed: 30158159]

Salem R, Bamer AM, Alschuler KN, Johnson KL, Amtmann D 2014 Obesity and symptoms and
quality of life indicators of individuals with disabilities. Disability and Health Journal 7: 124-130.
[PubMed: 24411517]

Saracli O, Akca AS, Atasoy N, Onder O, Senormanci O, Kaygisiz I, Atik L 2015 The relationship
between quality of life and cognitive functions, anxiety and depression among hospitalized elderly
patients. Clinical Psychopharmacology and Neuroscience 13: 194-200. [PubMed: 26243848]

Schwartz CE, Stucky B, Rivers CS, Noonan VK, Finkelstein JA, Network R 2018 Quality of life and
adaptation in people with spinal cord injury: Response shift effects from 1 to 5 years postinjury.
Archives of Physical Medicine and Rehabilitation 99: 1599-1608. [PubMed: 29481771]

Shields RK 2017 48th Mary McMillan lecture: Turning over the hourglass. Physical Therapy 97:
949-963. [PubMed: 29029555]

Simpson LA, Eng JJ, Hsieh JT, Wolfe DL 2012 The spinal cord injury rehabilitation evidence (SCIRE)
Research Team 2012 The health and life priorities of individuals with spinal cord injury: A
systematic review. Journal of Neurotrauma 29: 1548-1555. [PubMed: 22320160]

Szende A, Oppe M, Devlin N 2007 EQ-50 value sets: Inventory, comparative review and user guide
Dordrecht: Springer.

Tulsky DS, Carlozzi N, Chiaravalloti ND, Beaumont JL, Kisala PA, Mungas D, Conway K, Gershon R
2014 NIH Toolbox cognition battery (NIHTB-CB): List sorting test to measure working memory.
Journal of the International Neuropsychological Society 20: 599-610. [PubMed: 24959983]

Tulsky DS, Kisala PA, Victorson D, Tate DG, Heinemann AW, Charlifue S, Kirshblum SC, Fyffe
D, Gershon R, Spungen AM, et al. 2015 Overview of the spinal cord injury—Quality of life
(SCI-QOL) measurement system. Journal of Spinal Cord Medicine 38: 257-269.

Tulving E 2002 Episodic memory: From mind to brain. Annual Review of Psychology 53: 1-25.
Weintraub S, Dikmen SS, Heaton RK, Tulsky DS, Zelazo PD, Bauer PJ, Carlozzi NE, Slotkin J, Blitz
D, Wallner-Allen K, et al. 2013 Cognition assessment using the NIH Toolbox. Neurology 80:

S54-64. [PubMed: 23479546]

Westgren N, Levi R 1998 Quality of life and traumatic spinal cord injury. Archives of Physical
Medicine and Rehabilitation 79: 1433-1439. [PubMed: 9821906]

Whitehurst DG, Mittmann N, Noonan VK, Dvorak MF, Bryan S 2016 Health state descriptions,
valuations and individuals’ capacity to walk: A comparative evaluation of preference-based
instruments in the context of spinal cord injury. Quality of Life Research 25: 2481-2496.
[PubMed: 27098235]

Zelazo PD, Anderson JE, Richler J, Wallner-Allen K, Beaumont JL, Conway KP, Gershon R,
Weintraub S 2014 NIH Toolbox cognition battery (CB): Validation of executive function measures
in adults. Journal of the International Neuropsychological Society 20: 620-629. [PubMed:
24960301]

Physiother Theory Pract. Author manuscript; available in PMC 2023 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Dudley-Javoroski et al.

Subject demographics.

Age Gender SCI Duration SCI Level
SCI 19 M 4.0 C5
24 M 4.8 Cé
47 M 30.3 Ccé
51 M 19.7 C6
25 M 4.6 Cé
34 M 25 Ccé
30 M 5.7 C6
27 M 0.9 Cé
49 M 19.5 Ccé
48 M 2.1 Cc7
59 M 111 Cc7
37 M 15.0 T4
53 M 16.4 T4
37 M 14.8 T5
62 M 225 T6
68 M 20.7 T7
37 M 10.5 T8
38 M 16.3 T9
73 M 10.0 T10
26 F 0.7 T10
35 M 10.0 T10
69 M 22.0 T11
47 M 7.5 T12
NON 21 F - -
31 M - -
58 F - -
69 M - -
23 F - -
27 M - -
24 M - -
68 F - -
89 M - -
24 F - -
24 M - -
64 M - -
63 M - -
88 F - -
23 F - -
81 M - -
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Age Gender SCI Duration SCI Level
75 F - -
23 F - -
24 F - B
70 M - -
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